Excision of nucleoside analogs in mitochondria by p53 protein.
Nucleoside analogs, used against HIV, can be incorporated into a mitochondrial DNA by DNA polymerase gamma. Both the decrease in mitochondrial DNA and increased mutations of mitochondrial DNA may lead to mitochondrial diseases. The tumor suppressor protein p53 exhibits 3' --> 5' exonuclease activity and can provide a proofreading function for DNA polymerases. In the present study, we investigated the ability of p53 to excise incorporated nucleoside analogs from DNA in mitochondria. The functional interaction of p53 and DNA polymerase gamma during the incorporation of nucleoside analog was examined in mitochondrial fractions of p53-null H1299 cells, as the source of DNA polymerase gamma. Primer extension reactions were carried out to elucidate the incorporation and removal of nucleoside analogs. The results demonstrate that the excision of incorporated nucleoside analogs in mitochondrial fractions of H1299 cells increased in the presence of purified recombinant p53, or cytoplasmic extracts of large cell carcinoma 2 cells expressing endogenous wild-type p53 (but not specifically predepleted extracts) or cytoplasmic extracts of H1299 cells overexpressing wild-type p53, but not exonuclease-deficient mutant p53-R175H. The amount of nucleoside analogs incorporated into the elongated DNA with mitochondrial fractions of human colon carcinoma 116 (HCT116)(p53+/+) cells was lower than that of HCT116(p53-/-) cells. Furthermore, mitochondrion-localized elevation of p53 in HCT116(p53+/+) cells, following the irradiation-stress stimuli, correlates with the reduction in incorporation of nucleoside analogs and wrong nucleotides. p53 in mitochondria may functionally interact with DNA polymerase gamma, thus providing a proofreading function during mitochondrial DNA replication for excision of nucleoside analogs and polymerization errors.